The MIMAC experiment is a µ-TPC matrix project for directional dark matter search. Directional detection is a strategy based on the measurement of the WIMP flux anisotropy due to the solar system motion with respect to the dark matter halo. The main purpose of MIMAC project is the measurement of the energy and the direction of nuclear recoils in 3D produced by elastic scattering of WIMPs. Since June 2012 a bi-chamber prototype is operating at the Modane underground laboratory. In this paper, we report the first ionization energy and 3D track observations of nuclear recoils produced by the radon progeny. This measurement shows the capability of the MIMAC detector and opens the possibility to explore the low energy recoil directionality signature.
INTRODUCTION
In the standard model of cosmology the dark matter represents 85 % of the matter in the Universe. An increasing number of experimental evidences from local to cosmological scales support this hypothesis. At the local scale, a dense dark matter halo should surround the Milky Way. Due to the relative motion of the solar system with respect to the galactic dark matter halo, a WIMP flux should be detected on earth. The WIMP (Weakly Interacting Massive Particle) is a massive dark matter particle candidate (m WIMP ∼ (1 − 100 GeV)) interacting by weak and gravitational interactions. The direct detection search strategy goal is the energy spectrum measurement of nuclear recoils produced by WIMP scattering on detector target nuclei in order to constrain the dark matter particle properties. Direct detection experiments such as LUX [1] , Xenon [2, 3] , EDEL-WEISS [4] , PandaX [5] , CDEX [6] ,CDMS [7] , COUPP [8] and KIMS [9] put constrains on the WIMP mass, Spin Independent (SI) and Spin Dependent (SD) cross-section. One major limitation of these search strategies arises from the neutron background. Indeed, the neutrons, colliding elastically with the target nuclei will produce the same searched signal in the detector, a nuclear recoil with a few tenths of keV of kinetic energy. The directional detection search strategy, first proposed in 1988 [10] is based on the WIMP event distribution expected to have an excess in the direction of motion of the Solar sys- * riffard@lpsc.in2p3.fr † santos@lpsc.in2p3.fr ‡ Tsinghua Center for Astrophysics, Tsinghua University, Beijing 100084, China tem. It induces a dipole-feature in the WIMP-induced recoil distribution [11] , whereas the background distribution [12] is expected to be isotropic in the galactic rest frame or completely uncorrelated with respect to the motion around the galactic centre. Several directional features provide an unambiguous difference between the WIMP signal and the background one, dipole [11] , ringlike [13] and aberration [14] , that may be used to: exclude dark matter [15, 16] , discover galactic dark matter with a high significance [11, 17, 18] or constrain WIMP and halo properties [19] [20] [21] [22] , depending on the WIMP-nucleon cross section. It has also been recognized as the ultimate detection strategy to search for dark matter beyond the neutrino floor [23] [24] [25] .
As other directional detection experiments [26] , the aim of the MIMAC project is the measurement of the nuclear recoil energy and angular distributions searching for this signature by an original detector and readout strategy. Since June 2012, a bi-chamber prototype was installed at the Modane underground laboratory (Laboratoire Souterrain de Modane -LSM). This first datataking run at the LSM highlighted the radon progeny as the most important source of background. Radon is a radioactive noble gas emanating from material surfaces. It comes from intrinsic material pollution,from 238 U and 232 Th. Events associated to this pollution contribute to the background of direct dark matter search experiments. The discrimination of these events is a major issue for rare event search in general. In this paper, we will focus on the first detection of the nuclear recoil 3D track events produced by α-decay of radon progeny and their ionization energy measured in the active volume of the MIMAC detector. 
I. THE MIMAC EXPERIMENT
Since June 2012, a bi-chamber prototype, filled with a low pressure (50 mbar) CF 4 + 28%CHF 3 + 2%C 4 H 10 gas mixture, is installed at the LSM for data taking [27] . As schematically shown in figure 1, this prototype is composed by two mirroring chambers [28] sharing a thin 12 µm aluminized mylar cathode at 25 cm from the anode. The anode consists of a pixelated micromegas [29, 30] of 10.8 cm side linking the 200 µm pixels by strips with a 424 µm pitch coupled to a fast self-triggered electronics specially developed for MIMAC [31, 32] . To ensure the acquisition synchronization allowing event coincidence search, one of the two electronics monitoring the chambers is used as master device and provides the reference clock as well as the start signal to the slave electronics. The readout composed of 512 channels, 256 channels covering the X-axis and 256 the Y-axis, allows the track envelope determination of the event with a kinetic energy down to a few keV [28] depending on the gas and its pressure. Each channel has its own threshold adjusted by a calibration algorithm to sit above the noise level. While a WIMP interacts with a gas nucleus by elastic scattering, it transfers a part of its kinetic energy to the nucleus producing a nuclear recoil. The nuclear recoil releases only a part of its energy by ionization creating electron-ion pairs. Ionization electrons are collected to the micromegas mesh with a 21.4 µm/ns drift velocity [33] by means of an electric field E drift ∼ 180 V.cm −1 . Passing through the mesh these electrons are amplified by avalanche by a much higher electric field E gain ∼ 18 kV.cm −1 . Coupling the fast MI-MAC electronics to the pixelated micromegas, the strips are sampled every 20 ns, allowing the measurement of the primary ionization charge density. By associating X and Y strips, it is possible to reconstruct the nuclear recoil 3D track. On the other hand, a charge preamplifier connected to the mesh allows the measurement the total track ionization energy. An original calibration device based on an X-ray generator has been developed for this experiment. The detector is calibrated with the fluorescence photons produced on Cd, Fe, Cu foils. Figure 2 shows a typical calibration spectrum of chamber 1 and its corresponding fit (red line). Each contribution from the metal foils is represented by dashed lines such as the 3.19 keV from Cd, the 5.4 keV from Cr, the 6.4 keV from Fe, the 8.1 and 8.9 keV from Cu fluorescence photons. We can clearly see from the calibration spectrum that the ionization threshold is about 1 keV. The gas circulation system developed for this experiment is an important component of the detector, ensuring the gas quality stability in a closed circuit. It includes a buffer volume, an oxygen filter, a dry and very low leak pump and a pressure regulator. The presence of impurities and O 2 must be controlled to prevent gain and resolution degradation. The detector is calibrated weekly in order to monitor the gain variation. The linear coefficient of calibration curve shows a gain variation less than 1% over several months [35] .
The data analysis was focused on the first two data sets acquired in dark matter search mode, 103 effective days in total.
II. RADON PROGENY RECOILS ORIGIN AND SIGNATURE

A. Radon emanation origin
In the material screening, a pollution of 238 U and 232 Th was measured in detector materials such as the stainless steel mesh and the PCB of the micromegas. This intrinsic pollution is a source of 222 Rn and 220 Rn. After successive alpha decays, they can migrate from the materials bulk to their surfaces. The events associated to the α and β decays of these radio-nuclei constitute a background for WIMP dark matter search and they should be discriminated in dark matter detectors. Radon Progeny Recoils (RPR) denote nuclear recoils produced by α-decays of radioactive elements of 222 Rn and 220 Rn decay chains, it includes α-particles and daughter nuclei recoils. These events have been extensively observed in dark matter detectors, see for example: [36] [37] [38] [39] . The first report of RPR events in a dark matter directional detector was published by the DRIFT collaboration in 2008 [36] . This paper and the following on this topic [37, 38] presented their results about the measurement of the track length of α-particles from the radon progeny. They correlated the length of the α-particle track with its kinetic energy in order to identify each nucleus decay.
In the MIMAC detector, in dark matter search configuration, it is not possible to measure α-particle energies or their track lengths because at 50 mbar their tracks are not fully contained in the active volume of one of the chambers. Instead, we can observe the daughter nuclear recoils produced by the α-particle emission measuring their 3D tracks with their total ionization energy showing the ability of the detector to get a clear signature of low energy nuclear recoil tracks.
B. Radon progeny recoils event signatures
Table I presents the considered radio-nuclei from 222 Rn and 220 Rn decay chains. It shows the period of each element and the emitted particle with their maximum kinetic energy. From these radio-nuclei decays we can expect two different kinds of events: electrons from β and γ emissions, and RPR events from α-particles and daughter nuclei emissions.
γ-rays produce electrons by Compton scattering on gas detector. With β emissions, they contribute to the electron event background. Using the MIMAC read-out, it is possible to discriminate a nuclear recoil from an electron event.
RPR events occur at different positions in the detector which impact their tracks and energy and in consequence their discrimination. The different positions are schematically described in figure 3 . Red polygons represent α-decays, blue dots represent the daughter nuclei, plain arrows represent α-particle or daughter nucleus motion directions and the dashed arrows represent the daughter nucleus migration due to the drift electric field. We can distinguish five types of events as a function of their positions:
1) Volume events :
222 Rn and 220 Rn can be present everywhere in the active volume. While an α-decay occurs in the gas volume, the deposited energy by the emitted α-particle with a 5.5 or 6.8 MeV kinetic energy (see table I) saturates the preamplifier. These events can be easily discriminated using a cut on the saturation energy. Nonetheless, resultant daughters (blue 2) Through cathode events : A SRIM [34] simulation shows that α-particles with kinetic energies ranging from 5.5 to 8.8 MeV (see table I ) can pass through a 12 µm thickness mylar cathode and reach the other chamber with kinetic energies going up to hundreds of keV. For such events, we observe two events in coincidence.
3) Cathode events: As mentioned before in the case of RPR volume events, each daughter nucleus produced in the drift electric field is collected on the cathode surface. Moreover, radon isotopes from the detector gas can also be fixed on the cathode surface by adsorption. Then, at the cathode surface there is an accumulation of radon progeny events. While an α-decay occurs at the cathode surface, there are two cases to consider: i) if the α-particle is emitted in the direction of the gas volume, as mentioned before, the ionization energy deposition saturates the preamplifier, ii) if the α-particle is absorbed in the matter, only the recoil of the daughter nucleus is detected. for low energy nuclear recoils defined by the Ionization Quenching Factor (IQF). The IQF of a nuclear recoil is defined by the ratio of the measured ionization energy E ioni recoil and its kinetic energy E kin recoil or the ionization energy released by an electron of the same kinetic energy. This factor decreases rapidly with decreasing kinetic energies of nuclear recoils. It depends on the mass of the nuclear recoil and on the gas and pressure, as shown in [40] . In our case, a SRIM simulation gives a IQF of about 40 % for a heavy nucleus such as 218 Po at 100 keV. Taking into account this correction from SRIM, the RPR events should release an ionization energy from 38 to 58 keVee as shown in table I. In this case, the daughter nuclear recoil is associated with an α-particle (plain arrow) passing through the thin mylar cathode and reach the other chamber. These events are in coincidence with the other chamber. When a RPR recoils in the active volume from a surface α-decay, it is collected again at the cathode surface by the drift electric field. Then, at the cathode surface, all the 222 Rn and 220 Rn progeny elements are collected.
4) Anode events:
The Micromegas PCB and strips contain the most important 238 U and 232 Th pollution. Consequently they are the major sources of radon internal emanation. In the 256 µm amplification space, the multiplication of ionization electrons depends on their positions and it affects the energy measurement of an event passing through the amplification space. The impact of the gain variation on the energy measurement is discuss on section IV B. At the anode level we expect two type of α-particle and/or RPR events: bulk events from the decay of 238 U and 232 Th and surface events from the radon isotopes emanations. In the case of bulk events, the nuclear recoil out-going from the surface with a reduced energy and reach the amplification space. In some case, it is possible for a bulk event to pass through the mesh and reach the drift space. In the case of a surface event, it is possible for a daughter nuclear recoil to pass through the mesh. In both cases, the ionization energy measurement misestimates the total ionization energy deposition due to the gain variation through the amplification space. The daughter nuclear recoil from the α-decay is collected either at the mesh or at the cathode surface.
5) Mesh events:
As mentioned before, radon isotopes can be fixed on the Micromegas mesh wire surfaces by adsorption. The mesh is a woven stainless steel thread of 18 µm diameter wires. While α-decays occur at wire surfaces and daughter recoils enter on the active volume, the associated α-particles have a probability of 10 % to pass throughout the wire. The energy released by these α-particles in the amplification zone will be in that case added to daughter nuclei deposition. The daughter nuclear recoil is collected at the cathode surface.
All RPR events in the detector contribute to the accumulation of RPR at the cathode surface. Cathode and passing through the cathode events can be identified using the coincidence between both chambers. The main feature of the anode and mesh events is the misestimation of the ionization energy either due to the gain variation in the amplification space or due to the addition of a fraction of the associated α-particle energy.
III. RADON PROGENY RECOILS EVIDENCES
A.
222 Rn pollution evidence
The α-particle rate was monitored selecting the 3D-tracks saturating the preamplifierin the 2012 data set. This selection includes α-particles from the active volume and from the other chamber through the mylar cathode. Figure 4 shows the 2012 α-particles rate. From July 13 th to September 14 th , the α-rate was rather constant at 3.80 ± 0.11 min −1 value. On October 3rd, the gas circulation was stopped isolating the bi-chamber from the gas circulation system (red dashed line). We observed an exponential reduction of the event rate which was modeled by the sum of a constant distribution c and a decreasing exponential with a T 1/2 period:
It indicates an external pollution of the gas mixture from the circulation gas system and an intrinsic pollution from the materials. By fitting the event rate (green line), we obtained a T 1/2 = 3.87 ± 0.69 days period which is compatible with the 3.8 days period of the 222 Rn. The constant c = 1.1 ± 0.4 min −1 estimates the intrinsic saturation event rate from the materials pollution. We identified the external source of contamination in the gas circulation system as a small leakage in the circulation pump. This leakage injected in the gas system 222 Rn and 220 Rn from the air of the underground laboratory. However, it has not induced a gain degradation due to the presence of oxygen and humidity filter.
The exponential reduction of the event rate shows only one contribution from the 222 Rn period. No contribution from the 220 Rn period is observable. We can neglect the 220 Rn contribution to the RPR event progeny. In general, the 220 Rn contribution is neglected [41] . Due to its shorter period (55 s v.s. 3.8 days) the impact of emanating 220 Rn from materials is much smaller than 222 Rn contribution. This result was confirmed by a dedicated one-month measurement performed at "high pressure" (700 mbar) of pure CF 4 showing no contribution of the 8.8 MeV alpha particle from the 212 Po decay in the α-particle spectrum of the intrinsic background.
B. In coincidence events
The chamber clocks were synchronized with a 40 ns precision allowing chamber coincidence searches. As explained in II, we are expecting two different kinds of events in coincidence: cathode events and passing through cathode events. We consider two events in coincidence if there are separated by less than 11.6 µs. It corresponds to the time required to travel the distance separating the cathode and the anode (25 cm) for primary ionization electrons.
Considering that the 220 Rn contribution is negligible in comparison with the 222 Rn contribution to RPR events, we expect to find four peaks on the "in coincidence" event energy spectrum from cathode events:
218 Po, 214 Pb, 210 Pb and 206 Pb nuclear recoils. However, the 222 Rn abundance from adsorption at the cathode surface should be much lower than 218 Po abundance due to the 218 Po total collection of all the RPR on the cathode. The 218 Po recoil contribution can be neglected as well as the 206 Pb recoil suppressed by the long half-life of 210 Pb. In conclusion, we expect mainly two peaks from RPR cathode events, one flat distribution from the α-particles passing through the cathode and a saturation from α-particles which release more than 62 keVee in ionization.
The panels on the top left -bottom right diagonal of figure 5 present the "in coincidence" event energy spectra in both chambers measured in 2013. These spectra show two peaks at roughly 33 and 45 keVee and a saturation The black (red) spectrum represents the chamber 1 (2) measured energies. In the 2D correlation figure, the contour levels are represented. The regions delimited by the blue dashed lines represent "in coincidence" event associated with a saturation in the other chamber. On the marginalized energy distributions, the filled area correspond to events belong to the saturation associated event regions.
over 62 keVee. The top right panel of the figure 5 presents energy spectra zoom from 0 to 60 keV highlighting the two peaks. The left bottom panel presents the chamber 2 energy distributions as a function of the chamber 1 associated energy. We can clearly identify four regions delimited by the blue dashed lines:
• The "double saturation" region correspond to events with E Ch.1
ioni and E Ch.2 ioni > 62 keVee. It is composed of 44 % of the total "in coincidence" event sample. The events belonging to this region are α-particles passing through the 12 µm mylar cathode and saturating the preamplifiers in both chambers.
• There are two "one saturation" regions (E Ch.1 ioni or E Ch.2 ioni > 62 keVee). These events (52 % of the total "in coincidence" event sample) correspond to RPR events associated with an α-particle detected in the other chamber or not fully detected α-particles in both chambers (in/out-going α-particles). In these regions, we can clearly identify the contour levels of the two peaks shown by the marginalized energy distributions at 33 and 45 keVee.
• The non-saturation region corresponds to events with E Ch.1
ioni and E Ch.2 ioni < 62 keVee. This event sample is composed by 4 % of the total. These events correspond to RPR events with a not saturating α-particle such as an in/out-going α-particles, or a not fully detected RPR event.
This figure shows that most of the "in coincidence" events are associated with an energy saturation: i.e. with an α-particle, such as illustrated by the filled areas on the "in coincidence" event energy spectra which represent the events belonging to the " saturation" associated event regions. More than 95 % of the "in coincidence" events are in the saturation regions. Figure 6 shows a zoom of these energy spectra from the threshold in ionization energy to 62 keVee. These energy spectra show only two main contributions as expected before. This observation is compatible with the fact that the 222 Rn cathode surface contribution from adsorption is negligible in comparison with the volume and 
TABLE II: Parameters of the "in coincidence" energy spectra fits in figure 6 by the equation 2.
anode contributions. Indeed, the daughter nuclei are in general produced with a positive electric charge from the α-decays, these nuclear recoils are collected on the cathode surface and they will decay at the cathode surface. In that case, only two contributions from these drifted nuclear recoils are expected with a ratio value of 2 between the 214 Pb and the 210 Pb contribution amplitudes from the decay chain equilibrium. This ratio value is related to the 50 % probability for a 210 Pb to be emitted in the gas volume at the cathode surface.
The energy spectra were fitted using the sum of a uniform distribution and two gaussians from 15 to 60 keVee:
In figure 6 , the green line represents the fit result, blue and magenta dashed lines the individual contributions. I for simulated values). It was shown before by our team that SRIM simulations overestimate the IQF roughly by 20 % from IQF measurements on several gas mixtures and for several ions [40] .
The ratio of the two peak amplitudes are 2.6 ± 0.3 for the chamber 1 and 2.4 ± 0.3 for the chamber 2. These ratio values are not totally compatible with 2 showing the amount of the presence of the two contributions :
218 Po and 206 Pb neglected on the first peak, see discussion in section III-B.
C. RPR recoil detection
We have developed an original method for electron event rejection based on a multivariate analysis applied to experimental data acquired using monochromatic neutron fields, described in a dedicated paper. This method allows a high electron event rejection. After the application of minimal cuts on the data, which are used to reject the mis-reconstructed and out(in)-going events, it was applied on the 2013 data run (103 days). Figure 7 presents the resulting energy spectra. These energy spectra show two peaks at 33 and 46 keVee, in both chambers (red line chamber 1 and black line chamber 2) as already observed in the "in coincidence" energy spectra. However, the observed spectrum shapes are different than the "in coincidence" spectrum shapes, especially below 25 keVee. These differences are due to that these spectra contain all contributions from RPR events described in section II B. We measure a total RPR event rate of 29.3 ± 0.5 day −1 in chamber 1 and 34.8 ± 0.6 day −1 in chamber 2.
IV. RADON PROGENY RECOIL POSITION IDENTIFICATION A. MPD observable definition
The RPR events occur at different positions in the detector. The position determination in the (X, Y ) plane is directly done using the pixelated micromegas readout, while the z coordinate identification needs to use the information given by the electron diffusion. Indeed, the electron diffusion in the drift space is directly related to the z 0 coordinate via the probability density function of charge distribution on the anode plan. The Transverse/Longitudinal standard deviation of the charge dispersion follows a square root dependency on z 0 , the distance of the track to the anode:
order to obtain the distance of the track to the anode, we take the distance with respect to the centre of the track. The diffusion coefficients D T /L at such pressure and electric field have been calculated using Magboltz [42] , giving the following values: Figure 8 illustrates the diffusion effect on the track topology. The left and the right panels present tracks of a 41.1 keV cathode event and a 36.4 keVee anode event respectively. The diffusion due to the ionization electron collection dilutes the primary ionization electron density. It affects the measurement of the track length and the track width (∆X/∆Y ) depending on the z 0 track coordinate. Close to the anode, the electron diffusion is negligible. Close to the cathode, the electron diffusion is maximal. In that case, the edges of the primary electron density from cathode events are not completely sampled by the pixelated anode due to the strip thresholds. It implies that the measured track length after a diffusion deconvolution is misestimated.
The right panel shows the definition of ∆X i /∆Y i , the width of the i st time-slice along the x/y axis. Then, in order to estimate the transverse contribution of the diffusion, we defined an observable called Mean Projected Diffusion (MPD) D as:
where ∆X and ∆Y are respectively the mean value of ∆X i and ∆Y i (i = 1, N ). As an example, figure 8 shows events with 4.03 (left panel) and 1.21 (right panel) MPD value. Figure 9 presents a simulated distribution of 112.3 keV 214 Pb events in the (z, D) plan. This simulation is based on 214 Pb tracks generated by SRIM with a kinematic energy of 112.3 keV on MIMAC gas mixture at 50 mbar. It included the ionization electrons diffusion using a diffusion coefficient estimation from Magboltz as mentioned before. We can see that D increases as the square root of the mean z coordinate of the track. The diffusion variation along the track is negligible for small tracks (∼ 0.5 − 10 mm). As track length and mean width depend on the nuclear recoil energy, the MPD depends on energy too. In conclusion, using this observable, we can identify the track position of the events in the detector. This observable allows one to discriminate anode events from volume or cathode events. For 214 Pb nuclear recoils of 112.3 keV, cathode and volume events have a MPD value higher than 2.3 while anode events have a value lower than 2.3 considering the length of the nuclear recoil being lower than 1 mm, see insert in figure 9. B. Anode and cathode radon progeny recoils Figure 10 shows the measured D (MPD) distribution as a function of the ionization energy E ioni in the chamber 2. In this figure, two regions can clearly be identified. Using the in-coincidence data, we performed a cut on D keeping 99 % of the in-coincidence events in the upper region corresponding to D cut = 2.17 represented by the red line in figure 10 . The upper and lover regions correspond respectively to volume and cathode events and to anode and mesh events. Figure 11 shows the energy spectra of the two chambers with an D upper than 2.17 (left panel) and with an D lower than 2.17 (right panel).
In the region (D > 2.17), the energy spectra show two peaks observed at 33 and 46 keVee. It confirms that these events are related to RPR events from the cathode, shown previously on the in coincidence spectra, with a measured event rate of 17.3 ± 0.4 day −1 in chamber 1 and 20.9 ± 0.4 day −1 in chamber 2. These energy spectra were fitted from 25 to 60 keVee using the same model as in section III B. Table III presents the resultant fit parameters. The fitted peak positions match with the peak positions previously fitted in section III B. It confirms that the observed events are related to RPR events from the 222 Rn decay chain. The ratio of the two peak amplitudes are 2.15 ± 0.02 for the chamber 1 and 2.13 ± 0.02 for the chamber 2. These ratio values are still not totally compatible with 2. It could be explained, as described before in section III.B, by a contribution from 218 Po nuclear recoils at the cathode surface with a contribution at roughly 30 keVee, taking into account a 23% SRIM IQF overestimation. Such contribution explains that the first peak amplitude is higher than the second one by the figure 11 shows the ionization energy distribution of events with D < 2.17, events from mesh and anode. In these spectra, no clear peak structures are observable. This is due to the fact that ionization energy measurements of anode and mesh events are perturbed from the incomplete charge amplification in the amplification space as mentioned in section II B. Indeed, in the amplification space, the amplification of primary ionization electrons depend on their production position related to the mesh. It implies that for events passing through the amplification space, the measured ionization energies are misestimated. The left panel of figure 12 shows a Garfield [43] simulation of the relative amplification as a function of primary ionization electron production distance to the pixel plan. In this figure, the mesh plane is at 256 µm. This simulation shows that the amplification is maximal and constant above the mesh level and it decreases as the distance to the pixel plane decreases. It also shows that only the first 150 µm from the mesh contribute to the amplification. Thus, the ionization electron amplification of an event passing through the amplification space will be affected by an incomplete amplification. As a consequence, the measured energy of these events is misestimated. Considering a 100.8 keV 218 Po nuclear recoil emitted perpendicularly to the anode plan from a 222 Rn α-decay at the anode level. Red line on the right panel of figure 12 shows a SRIM simulation of the ionization stopping power of such nuclear recoil as a function of length. It shows that most of the ionization energy is released in 300 µm and consequently these nuclear recoils can pass through the mesh. Using the relative gain simulation, we can calculate the effective stopping power measurable for 100.8 keV 218 Po nuclear recoil as shown by the blue line. It shows that for such events, less than 1/3 of their total ionization energy will in chamber 2.
In conclusion, using the MIMAC observables, it is possible to estimate the track position of the main sources of background events in the detector.
V. CONCLUSIONS
In this paper, we presented the first results of the analysis of the MIMAC data runs at the LSM.
This analysis has shown a gas pollution by 222 Rn demonstrated by the event rate exponentially decreasing giving a measured period compatible with 222 Rn. We showed, for the first time, the observation of low energy nuclear recoil tracks from daughter nuclei of the 222 Rn decay chain. Finally, using a new MIMAC observable called MPD, we have shown that it is possible to esti-mate the z coordinate of the nuclear recoil track. We used this observable in order to isolate the anode contribution of RPR events from the volume and cathode ones. This measurement shows the capability of the MI-MAC detector and opens the possibility to explore the low energy recoil directionality signature.
Even if the RPR measurement is a validation of the MIMAC detection strategy, it remains a background for dark matter directional detection. The next step will be the discrimination of this background. This discrimination will be possible using the MIMAC observables, such as the MPD, the coincidence between the chambers and the directionality and it will be described in a dedicated future work.
As the radon gas emanation monitoring and its reduction are major topics for rare event experiments such as dark matter or double-β decay search experiments, the new degrees of freedom, offered by the observation of 3D tracks describing these events by the MIMAC observables shed a new light on them improving their discrimination with respect to the rare events searched.
